Objective: To describe the recovery of fine hand use and the associations between fine hand use and, respectively, somatosensory functions, grip strength, upper extremity movements and self-care, in the first week and at 3 and 18 months after stroke, and to describe whether these associations change over time. Design: Prospective observational study. Patients: Sixty-six consecutive patients with stroke. Methods: The following parameters were assessed in the first week, and at 3 and 18 months after stroke: fine hand use, grip strength (not assessed in the first week), touch, proprioceptive and upper extremity movement functions; and self-care. Results: Seventy percent of all patients had limited fine hand use in the first week, 41% at 3 months and 45% at 18 months after stroke. The associations between fine hand use and the other functionings were moderate to high, but decreased over time for fine hand use and, respectively, somatosensory functions, upper extremity movements and self-care. Conclusion: Limited fine hand use is common after acute stroke. Our results suggest that, with time after stroke, upper extremity movements and self-care become less dependent on fine hand use and fine hand use becomes less dependent on touch function, although no ultimate conclusions can be drawn on causality.
Submitted October 9, 2007; accepted March 26, 2008 INTROduCTION Recovery from upper extremity impairments and activity limitations occurs mainly in the first 2-3 months after stroke (1, 2) , although a study in a rehabilitation setting has shown that, in some patients, recovery continues long after the onset of stroke (2) . A study of severely disabled patients with stroke shows that 38% had regained some fine hand use and 12% had regained complete fine hand use 6 months after onset (3) . Data concerning the percentage of all patients with stroke who recover from limited fine hand use or the degree of recovery that occurs are, however, scarce (4) . Furthermore, little is known about the long-term outcome of fine hand use in these patients. The present study describes fine hand use and its associations with other functioning in patients with stroke.
Somatosensory impairments and impaired grip strength have been shown to be related to impaired movements of the upper extremity in patients with stroke (5, 6) . It has been suggested that movements of the affected upper extremity in patients with stroke explain up to 40% of the variance in abilities to perform the normal activities of daily living (7) . Furthermore, it has been shown that active finger extension is associated with recovery from arm disabilities (8) . Fine hand use requires finger extension and good proximal control to place and hold the hand in the correct position. In addition, fine hand use consists of more complex tasks, and might, therefore, be influenced by the patient's cognitive functions, including perception and control of action (9) . The associations between fine hand use and, respectively, somatosensory functions, grip strength, upper extremity movements and self-care have, however, not been clearly described. Nor has it been elucidated whether these associations change with time after stroke. Knowledge concerning this might help prioritize rehabilitation methods at different time-points after stroke onset.
It has been suggested that the passing of time accounts for more of the recovery of upper extremity movements and self-care than it does for the recovery of fine hand use (10) . In contrast, it has been suggested that the improvements regarding activity limitations, such as limited fine hand use and self-care limitations (11) , are greater and occur faster compared with those regarding impairments (11), such as impaired upper extremity movements (12) . As a difference in recovery between 2 variables may change their association over time, data describing differences in recovery may add valuable information in explaining changes of associations.
The aim of the present study was to describe and analyse the recovery of fine hand use and the associations between fine hand use and, respectively, somatosensory functions, grip
LIMITED FINE HAND USE AFTER STROKE AND ITS ASSOCIATION WITH
OTHER dISABILITIES strength, upper extremity movements and self-care, in the first week and at 3 and 18 months after stroke, and to describe whether these associations change over time.
METHOdS
Patients were recruited consecutively (unless presenting on weekends or public holidays) from the stroke unit of Danderyd Hospital in Stockholm, Sweden, between June 2001 and March 2002. Patients ultimately enrolled in the study were those residing in Stockholm who had an acute, first-ever stroke (unless characterized by subarachnoid haemorrhage or a cerebellar lesion), in the absence of other diagnoses affecting muscle tone, who were conscious and agreed to participate in the study. During the study period, 583 patients with stroke were admitted to the unit; 56 patients were excluded on account of admission and discharge during the same weekend or public holiday, and 418 on account of failing to fulfil the inclusion criteria (20 patients were not residing in Stockholm, 256 patients had earlier strokes, 6 subarachnoid haemorrhages, 32 cerebellar lesions, 64 other diagnoses affecting muscle tone and 40 patients died before inclusion).
Patients were assessed in the acute phase (mean: 4.8 days (standard deviation (Sd) 1.8)), 3 months (mean: 98 days (Sd 13.3)) and 18 months (mean: 559 days (SD 49)) after acute stroke, with regard to the parameters described below. All assessments were performed either in the hospital or in the patient's residence by 4 specifically-trained physiotherapists.
Fine hand use was assessed by the Nine-Hole Peg Test (NHPT) (13) . The task involves putting 9 pegs in holes on a wooden board as quickly as possible and within 60 sec. A patient's fine hand use was considered limited if the time to complete the test exceeded the normal value plus 2 Sd, adjusted for age, gender and affected side (14) . The cut-off for limited fine hand use was based on the ability to perform the test within normal values because 95% of all healthy individuals perform the test within 2 SD of the mean value (14) . Patients who were unable to pick up a peg or unable to participate in the test; or who could place some pegs but were unable to place all the pegs within 60 sec were also considered to have limited fine hand use. The NHPT is considered valid and reliable for evaluating fine hand use (13) and has been suggested to be one of the best clinical measures of fine hand use after stroke (15) .
Grip strength was assessed by the Vigorimeter (Martin, Germany), which measures air pressure in a rubber bulb. The pressure in the bulb is registered on a manometer via a rubber junction tube and expressed in kiloPascals (kPa). A medium-sized bulb was used for women and a large bulb for men. Grip strength was only assessed at 3 and 18 month after stroke. The Vigorimeter is considered valid and reliable (16) .
Touch function was determined by testing the ability to perceive light touch (cotton wool) on the upper arm, forearm and hand with the patient's eyes closed (possible range: normal/impaired). If the patient was unable to perceive light touch in one or more location on the affected side, the test was defined as indicating impaired touch function. The test is frequently used and is considered to show satisfactory reliability with a rough grading into normal or impaired touch function (17) .
Proprioceptive function of the affected upper limb was tested by the Thumb Localising Test (possible range: normal/impaired) (18) . The upper limb of the affected side is positioned passively and the patient is asked to pinch the thumb of that limb with the opposite thumb and index finger, repeated 4 times. Proprioceptive function is considered normal if the patient is able to locate the thumb on the affected side in 3 of the 4 tests with his/her eyes closed. The test is considered valid (18) but has not been tested for reliability.
Control of voluntary movement functions was assessed using part 1 of the 7-part Lindmark Motor Assessment Scale (LMAS), which assesses voluntary movements of both the affected and non-affected upper extremity (19) . Scores for the affected side were used in the analyses. The total score for each side ranges from 0 to 57 for the upper extremity and from 0 to 36 for the lower extremity. The LMAS assesses active movements of the whole upper extremity, for example, arm flexion; putting the hand to the neck; forearm supination; wrist dorsiflexion; and grasping a glass. The LMAS is considered valid and reliable (19, 20) .
Self-care was assessed by the Barthel Index (BI) (possible range: 0-100 points) (21) . Although the BI is quite a rough measure of self-care, it was chosen because it is widely used and results can be compared with other studies. Furthermore, the BI was chosen since it is designed to assess improvement, is sensitive to change (22) , can be used in all patients and can be used to predict outcome after stroke (23) .The BI is considered valid and reliable (24) .
The patients' age and gender were also registered. The study was approved by the regional ethics review board in Stockholm. Informed consent was obtained from all participants.
Statistics descriptive statistics were used to describe the numbers of patients who recovered from limited fine hand use. The Mann-Whitney U test was used to compare movement function and self-care scores for patients who were able to complete the NHPT with those who were not, and to compare NHPT scores of the patients who completed the study with those who did not. Spearman rank-order correlations and 95% confidence intervals (CIs) were used to establish the correlations between fine hand use and somatosensory functions, grip strength, upper extremity movements and self-care, respectively, the first week as well as at 3 and 18 months after stroke. In the correlation analyses, fine hand use was used as continuous data for the patients' who could place all the pegs within 60 sec. Patients who were unable to pick up a peg or unable to participate in the test were given the lowest possible rank in the correlation analyses. Furthermore, patients who could place some pegs but were unable to place all the pegs within 60 sec were given the second lowest rank. Correlation coefficients with absolute values less than 0.5 are referred to as low; between 0.5 and 0.75, as moderate to good; and coefficients with values greater than 0.75, as high (25) . The differences in the number of patients who improved from limited fine hand use compared with the number of patients, who improved from somatosensory impairments, impaired grip strength, upper extremity movement impairments and self-care limitations, respectively, were calculated using the χ 2 test and Fisher's exact test. Positive and negative predictive values for improvements in impaired grip strength and somatosensory impairment to parallel improvements of fine hand use as well as 95% CIs were calculated according to Clopper-Pearson. Positive and negative predictive values for improvements in fine hand use to parallel improvements in movement function and self-care scores were also calculated. The significance level was set at p < 0.05. data were analysed using Statistica 7.0 and StatXact 4 for Windows.
RESuLTS
Initially, 109 patients were enrolled in the study, although one patient had a second stroke before he was fully assessed in the first week. During the 3-month follow-up, 3 patients suffered a second stroke; 4 died; 5 claimed to be fully recovered and declined further participation and one could no longer be located. At the 18-month follow-up, an additional 29 patients had been excluded: 9 had had a second stroke; 15 had died; 4 declined further participation (including one who claimed to be fully recovered); and one could no longer be located. Thus, 66 patients (44 women and 22 men) with a mean age at recruitment of 76 years (Sd 10, range 44-93 years) were still enrolled in the study at the end of the 18-month follow-up period. Hence, 42 of all 108 patients were not followed up at 18 months. There was no statistically significant difference in NHPT scores, for the first week after stroke, between these 42 patients and the 66 patients who completed the study (p = 0.557). Table I shows the numbers of patients who were unable to pick up a peg or unable to participate in the NHPT; who could Fine hand use after stroke place some pegs but were unable to place all the pegs within 60 sec; who could place all the pegs within 60 sec although the time exceeded the normal value plus 2 Sd. In total, 46 (70%) of the 66 patients had limited fine hand use the first week, 27 (41%) at 3 months and 30 (45%) at 18 months after stroke.
Between the first week and 3 months after stroke, 43 of all 66 patients improved their fine hand use and 6 deteriorated. Between 3 and 18 months after stroke, 25 patients improved their fine hand use (median 4 sec improvement, inter quartile range (IQR): 3-6 sec) and 22 deteriorated (median 6 sec deterioration, IQR: 3-16 sec).
The patients who were non-assessable according to the NHPT showed significantly poorer upper extremity movement function and self-care scores than the patients in whom the assessment of fine hand use was possible (p < 0.001). This was true for all 3 time points. Table II shows the number of patients with normal vs impaired somatosensory functions, as well as medians, IQRs and ranges for grip strength, upper extremity movement function and self-care, in the first week and at 3 and 18 months after stroke onset. Significant correlations (p < 0.05) and 95% CIs between fine hand use and somatosensory functions, grip strength, upper extremity movements and self-care, in the first week as well as at 3 and 18 months after stroke, for the 66 patients are shown in Table III . Moderate to good correlations were observed between fine hand use and grip strength at 3 and 18 months. Moderate to good correlations were observed between fine hand use and the somatosensory tests in the first week and at 3 months, and low correlations at 18 months after stroke. High correlations were observed between fine hand use and upper extremity movement function in the first week and at 3 months, and moderate to good correlations at 18 months after stroke. Moderate to good correlations were observed at all time points between fine hand use and self-care, although the strength of the correlations decreased from 0.69 to 0.54 from the first week until 18 months after stroke. The strength of the correlations between fine hand use and somatosensory functions, movement function and self-care, respectively, decreased over time.
Significantly fewer (p < 0.05) patients improved from limited fine hand use compared with impaired movement function of the upper extremity and self-care limitations between the first week and 3 months. No significant difference in improvement was seen between fine hand use and somatosensory functions or grip strength, respectively; or between fine hand use and movement function or self-care, respectively, between 3 and 18 months after stroke. The difference in improvement between fine hand use and movement function of the upper extremity between 3 and 18 months, however, tended to reach statistical significance (p = 0.059). Table IV shows the positive and negative predictive values and 95% CIs for improvements in impaired grip strength and somatosensory impairment to parallel improvements of fine hand use, as well as for improvements in fine hand use to parallel improvements in movement function and self-care scores, between the first week and 18 months after stroke.
dISCuSSION
The present study describes the recovery of limited fine hand use between the first week and 3 months and between 3 and 18 months after stroke onset. Seventy percent of the 66 patients followed up at 18 months had limited fine hand use in the first week, 41% at 3 months and 45% at 18 months after stroke. An earlier population-based study has shown that 79% of the patients with stroke attain full ability to perform upper extremity self-care activities (1). However, in that study, patients were allowed to compensate with their unaffected extremity when performing the activities. We found that only 59% of the patients attained full fine hand use 3 months after stroke onset. Between 3 and 18 months after stroke, a few more patients improved (n = 25) than deteriorated (n = 22). However, according to our definition, slightly more patients had limited fine hand use at 18 than at 3 months, which may be explained by the median deterioration score, which was slightly higher than the median improvement score (6 vs 4 sec). Our results indicate that rehabilitation of fine hand use is warranted, especially active training of fine hand use in self-care activities at an early stage after stroke. We found moderate to good correlations between fine hand use and grip strength and somatosensory functions, respectively, in the first week, but the correlation between fine hand use and somatosensory functions tended to decrease with time after stroke. A plausible explanation for the decreased correlation is that some patients learn to compensate for their impaired somatosensory function, for example by using their vision (26) . This hypothesis is further supported by the high positive and low negative predictive values for touch function, in predicting the recovery of fine hand use. This further indicates that most patients who recover from impaired touch function also recover from impaired fine hand use, although many patients recover from limited fine hand use without recovering from impaired touch function. The high negative predictive value for the Thumb Localising Test may reflect that proprioceptive impairment is more difficult to compensate for than impaired touch function when performing hand activities, perhaps because the Thumb Localising Test may give information also about perceptual function (27) . The high negative predictive value for the Vigorimeter suggests that grip strength is important for fine hand use, since few patients who did not improve their grip strength improved their fine hand use.
We found high correlations between fine hand use and upper extremity movement functions and moderate to good correlations between fine hand use and self-care activities, in the first week after stroke. These correlations all decreased with time after stroke onset; perhaps because patients develop more compensatory strategies for upper extremity movement impairments and self-care limitations, since these tasks consist of more gross motor tasks than fine hand use does, thus requiring less precise movements. Self-care activities can also be performed by involving the non-paretic hand (28) . The use of the affected upper extremity may be negatively reinforced by its ineffectiveness in carrying out activities (29) . Indeed, we found that more improvements seem to occur in upper extremity movements and self-care activities than in fine hand use with the passage of time after stroke. Furthermore, the predictive values for fine hand use, in predicting the recovery of movement impairments and self-care limitations, indicate that all patients who recover from limited fine hand use also recover from movement impairments and self-care limitations, although many patients recover from movement impairments and self-care activities without recovering from limited fine hand use.
According to the International Classification of Functioning, Disability and Health (ICF), fine hand use is an activity (11). The components described in the ICF, however, work in 2 directions; just as the body function impairments may modify the activities, activity limitations may also modify the body functions (11) . Since distal movements of the hand, as required for fine hand use, has been shown to be associated with recovery from arm disabilities after stroke (8), we have assumed that patients with stroke depend on fine hand use when performing upper extremity movements and self-care activities. It is, however, reasonable to assume that the causality may be reversed, so that just as the patients may depend on fine hand use when performing upper extremity movements and self-care activities, the recovery of fine hand use may Fine hand use after stroke also depend on the extent to which the patient perform upper extremity movements and self-care activities requiring fine hand use. Furthermore, it is reasonable to assume that just as the patients may depend on somatosensory function and grip strength when performing activities requiring fine hand use, the recovery of somatosensory function and grip strength may also depend on the extent of fine hand use. The moderate to good correlation between fine hand use and self-care may suggest that the NHPT partly reflects the general neurological status of the patient, perhaps because the NHPT assesses an activity requiring movements of the whole upper extremity. In addition, the test consists of complex movements, for example fast eye-hand coordination, and might, therefore, be influenced by the patient's cognitive functions (9) . Fine hand use may not be the most important contributor to upper extremity functioning in patients with stroke. Our results, however, suggest that the NHPT provides clinically valuable information about fine hand use and upper extremity functioning in patients with stroke.
Although the associations between fine hand use and, respectively, upper extremity movements and self-care decreased, with time after stroke onset, limited fine hand use might still cause great inconvenience to the patients affected and should, therefore, be treated adequately, for example by Constraint Induced Movement Therapy (CIT) (29) . CIT includes intensive repetitive training of "real world tasks" with shaping, e.g. constantly increasing the challenge of the task, and a constraint on the non-affected upper extremity. This therapy has been shown to be effective even months and years after stroke onset (29) .
Patients, who were non-assessable according to the NHPT, because they were unable to pick up a peg due to some impairment, were all given the lowest NHPT score in the correlation analyses. This is a potential limitation of the study. These patients, however, form a homogenous group, where the inability to be assessed acts as a common indicator of low self-care scores. Another limitation of the study includes the relatively small sample size as well as the decreased sample size at each measurement time, which leads to a less representative sample of the initial population. We chose to exclude the patients who suffered a second stroke from the follow-ups; our results can, therefore, only be generalized to patients with first-ever stroke. All correlations are cross-sectional. Therefore, no ultimate conclusions can be drawn on causality. Also, the 95% CIs were generally wide, thus presenting an element of uncertainty in the estimates. Therefore no ultimate conclusions can be drawn on the extent of change in associations between fine hand use and the other functioning. However, between fine hand use and, respectively, upper extremity movements and self-care, the upper limit of the CIs show with 95% certainty that the associations at 18 months after stroke were lower, respectively equal to the association at the first week after stroke, indicating real decreases in associations. Further limitations of the study include the various sensitivities of the scales as well as ceiling effects, which may have affected the comparisons and the associations between scales. The tests administered are, however, currently used in clinical and research settings as outcome measures for stroke rehabilitation, which makes our results comparable to other study results and also clinically useful.
In conclusion, limited fine hand use is common after acute stroke. Although many patients recover from limited fine hand use, approximately 40% of the patients have remaining limitations in fine hand use at 3 months and slightly more patients at 18 months after stroke. The strength of the associations between fine hand use and touch function, upper extremity movements and self-care tended to decrease over time. Our results suggest that, with time after stroke, upper extremity movements and self-care activities become less dependent on fine hand use and fine hand use becomes less dependent on touch function, although no ultimate conclusions can be drawn on causality.
